Based on increasing evidence that there exists no sharp boundary between "nerve cells" and some of the peptide-secreting "endocrine cells," the word and concept of paraneurons was proposed to cover both endocrine cells of neuronic nature and nerve cells with endocrine characteristics (FUJITA, 1976 (FUJITA, , 1977 KOBAYASHI, 1976b) .
The parenchymal cells of the adrenal medulla, the chromaffin cells (KOHN, 1903) , fulfil all the criteria for the paraneurons as follows. (1) The chromaffin cells contain catecholam.ines; adrenaline (TAKAMINE, 1901) , noradrenaline (EULER and HAMBERG, 1949) and dopamine (GOODALL, 1951) . They incorporate exogenous amines and amineprecursors such as 5-HTP (RITZEN, HAMMARSTROM and ULLBERG, 1965; GERSHON and ROSS, 1966; FORSSMANN, WALKER and DALDRUP, 1971) , dopa (COIJPLAND and KOBAYASHI, 1976; COUPLAND, KOBAYASHI and CROWE, 1976; COUPLAND, KOBAYASHI and KENT, 1976) , dopamine (HIRANO et al., 1977) and noradrenaline (KOBAYASHI and OZAKI, in prep.) . (2) The adrenal chromaffin cells possess ultrastructural features typical of the Paraneurons (COUPLAND, 1971 (COUPLAND, , 1972 GRYNSZPAN-WINOGRAD, 1975) . Thus, the most prominent cytoplasmic organelle is the membrane-bound secretory granule which was first described by LEVER (1955) . Biochemical studies on the subcellular distribution of catecholamines in the adrenal medulla showed that dopamine (FADE, 1958; LISHAJKO, 1968) , noradrenaline and adrenaline (see WINKLER and HORTNAGL, 1973) are present in a fraction of the secretory granules.
Catecholamines form a storage complex with glutamate-rich, acidic peptides called chromogranins (BLASCHKO et al., 1967) and adenine nucleotides (see WINKLER and HORTNAGL, 1973) . (3) The adrenal chromaffin cells secrete their granule contents by the mechanism of exocytosis (DE ROBERTIs and VAZ FERREIRA, 1975; GRYNSZPAN-WINOGRAD, 1975) in response to the administration of acetylcholine, stimulation of the splanchnic nerve and other secretory stimuli (see reviews of DOUGLAS, 1968; POISNER, 1973) . (4) Each chromaffin cell is innervated by preganglionic sympathetic nerve fibers similar to sympathetic ganglion cells (COUPLAND, 1965c; GRYNSZPAN-WINOGRAD, 1974) . (5) The adrenal medulla always contains nerve cells in addition to chromaffin cells (see COUPLAND, 1965c; UNSICKER, 1973) . Thus, an analogy can be made among the adrenal medulla, the neuro-insular complex in the pancreas (FUJITA, 1959; KOBAYASHI and FUJITA, 1969) and other neuroendocrine complexes (KATAOKA, 1977) . (6) The origin and development of the adrenal chromaffin cells has previously been reviewed (COUPLAND, 1965a; WESTON, 1970) . It is well-established that they derive from the neural crest similar to sympathetic nerve cells. Recent fluorescent histochemical studies of POLAK, ROST and PEARSE (1971) and autoradiographic and other studies of VOGEL and MODEL (1977) provide further support for the neural crest origin of the adrenal chromaffin cells. (7) Evocation of action potentials in the cultured chromaffin cells (BIALES, DICHTER and TISCHLER, 1976; BRANDT et al., 1976 ) also implies their paraneuronic nature.
The present article deals with some selected problems on the dynamic aspects of the adrenal chromaffiin cells. It is our belief that the so-called "para-neuronic" characteristics of the adrenal chromaffin cells are more or less common to all paraneurons. Thus, the studies of the cell biology of the adrenal medulla may advance our understanding of the nature and function of the praneurons in general.
Types of adrenal chromafn cells
A and NA cells. The parenchymal cells of the adrenal medulla stain yellow to brown after treatment with chromate-or dichromate-containing fixatives (BENNETT, 1941; WooD, 1963; COUPLAND, 1965a) . KOHN (1903) named this phenomenon the "chromaffin reaction" and called them chromaffin cells . The chromaffin reaction was regarded as a specific histochemical test for adrenaline (see BENNETT, 1941; COUPLAND, 1965a) . Thus, the adrenal chromaffin cells have been regarded as occupying a special position among endocrine cells as the only adrenaline-secreting cell. However, as reviewed previously (FUJITA and KOBAYASHI, 1973; FUJITA, 1976) , amine (including adrenaline) storage is not specific to the adrenall chromaffin cells but is one of the common features of the peptide-secreting endocrine cells throughout the body.
Since the early 1950's, it has been accepted that in the mammalian adrenal medulla adrenaline and noradrenaline are stored in different classes of chromaffin cells: adrenaline-storing (A) cells and noradrenaline-storing (NA) cells. This was principally deduced from the observations that the relative proportion of A cells to NA cells coincides with that of adrenaline to noradrenaline in the extract of the adrenal medulla (BANDER, 1950; ERANKO, 1952; HILLARP and HOKFELT, 1953) .
The histochemical characteristics of A and NA cells are greatly different. A cells contain a large amount of basophilic substance, hence stain intensely with basic dyes such as toluidine blue (HopwooD, 1967; COSTA, 1968; KOBAYASHI and WATANABE, 1971) and lead hematoxylln (SOLCIA, CAPELLA and VASSALLO, 1969; TAKAYA, 1970) . On the other hand NA cells possess strong chromaffinity (WooD, 1963) , give positive iodate reaction (HILLARP and HOKFELT, 1953) , stain intensey with various silver impregnation methods (TRAMEZZANI, CHIOCCHIO and WASSERMANN, 1964; CHANG and BENCOSME, 1968; GORGAS and BOcK, 1976) , and exhibit weak, green fluorescence after formalin fixation forming so-called noradrenaline cell islets (ERANKO, 1952) . Recent studies show that NA cells also exhibit yellow to orange fluorescence after freeze-drying followed by formaldehyde treatment (FALcK et al., 1962; WILLIAMS and MORRISS, 1970; KOBAYASHI and WATANABE, 1971) .
The existence of the two kinds of chromaffin cells suggested by the light microscopists was confirmed by electron microscopists when WOOD and BARRNETT (1964) , in glutaraldehyde/dichromate fixed specimens, and COUPLAND, PYPER and HOPWOOD (1964) , in glutaraldehyde/osmium tetroxide fixed material, found that A cells possess rounded secretory granules with fine-granular content whereas NA cell granules are irregular in shape and are provided with a solid and electron dense content. COUPLAND and HoPwooD (1966) demonstrated that noradrenaline reacts with glutaraldehyde to produce a water-insoluble precipitate whereas adrenaline does not react with glutaraldehyde. They explained that the differential staining of A and NA cell granules is due to the loss of adrenaline and to the retention of noradrenaline in the specimens fixed with glutaraldehyde.
This was confirmed by the recent autoradiographic study in the mouse adrenal glands using tritiated dopa (COUPLAND and KOBAYASHI, 1976; COUPLAND, KOBAYASHI and CROWE, 1976; COUPLAND, KOBAYASHI and KENT, 1976) . SGC cells. Then, is it possible to classify all the chromaffin cells of the adrenal medulla into either A or NA cells? We must say, "No." UNSICKER (1973) , in his extensive study on the fine structure and innervation of the avian adrenal gland, described "small" ganglion cells in addition to "large" ganglion cells (i.e. ordinary sympathetic nerve cells). The small ganglion cells in the avian adrenal gland contain secretory granules 50 to 300 nm in diameter which are remarkablly smaller than those of both A and NA cells. Later, UNSICKER (1976 a, b) reported so-called small-granule containing (SGC) cells in the adrenal gland of reptiles. He interpreted that the SGC cells in the reptiles are identical with the "small" ganglion cells of the avian adrenal gland (UNSIcKER, 1976a, b) . Similar cells were reported in the adrenal medulla of the guinea pig (HABURA et al., 1977) and also of the mouse (KOBAYASHI and COUPLAND, 1977) .
In the mouse the diameter of the secretory granules is in the range of 100 to 230 nm in SGC cells, 170 to 350 nm in A cells and 185 to 495 nm in NA cells (KOBAYASHI and COUPLAND, 1977) . In the mouse adrenal medulla SGC cells comprise less than 4 percent of the parenchymal cells. SGC cells possess one or more long, slender, cytoplasmic processes, at least one of which was traced up to 30,im in an electron micregraph (Fig. 1) . Similar axonlike processes of the chromaffin cells have been reported in reptiles (UNSICKER, 1976a, b; WATARI, HOTTA and MABUCHI, 1977) , birds (UNSICKER, 1973) , guinea pigs (HABURA, et al., 1977) , cultured rat tissuses (UNSICKER and CHAMLEY, 1977) and rat transplants in the anterior eye chamber of that animal (OLSON and MALMFORS, 1970) .
Synapses occurring on the SGC cells are more frequent than those on the A and NA cells (KOBAYASHI and COUPLAND, 1977) (Fig. 8) . So far only the efferent (i.e. from nerve to the cell) type of synaptic complex has ben found on the SGC cells as well as the A and NA cells (KOBAYASHI and COUPLAND, 1977) .
Thus, it seems probable that the SGC cells comprise a third and independent category of adrenal chromaffin cells. Morphological features of SGC cells such as long axon-like processes and rich innervations seem to imply that they occupy an intermediate position between sympathetic nerve cells and the A and NA cells of endocrine function.
Thus, the occurrence of SGC cells in the adrenal medulla seems to provide further support for the "paraneuron" concept.
Synaptic-like vesicles in SGC cells. It is well-known that the sympathetic ganglion cells contain in the terminal varicosities of their process at least two kinds of membrane-bound vesicles; one is the large-cored vesicles 80-120 nm in diameter and the other is the small granular vesicles 40-60nm in diameter (GRILLO, 1966; see also BLOOM, 1972; PETERS, PALAY and WEBSTER, 1976) . In the adrenal chromaffin cells, since the classic work of LEVER (1955), only one type of vesicle has been reported in both A and NA types of chromaffin cells (COUPLAND, 1971 (COUPLAND, , 1972 GRYNSZPAN-WINOGRAD, 1975) . The size and appearance of the contents of the dense-cored vesicles would indicate that they are comparable to those in the sympathetic nerve terminals. KOBAYASHI and COUPLAND (1977) recently found that the SGC cells of the mouse adrenal medulla constantly contain two populations of microvesicles: one, the secretory granules with a dense-core, and the other, small synaptic-like vesicles 30-40 nm in diameter.
These synaptic-like vesicles contain dense precipitates along the limiting membrane and are scattered throughout the cytoplasm forming occasional clusters. Similar synaptic-like vesicles have been demonstrated by UNSICKER and CHAMLEY (1977) in the cultured rat adrenal chromaffin cells and nerve cells. Furthermore, UNSICKER (1976a, b) reported the occurrence of small agranular vesicles in addition to the large dense-cored vesicles in the tortoise adrenal chromaffin cells. One of the cells (outline by a thick line) possesses a long cytoplasmic process which seems to extend to the non-myelinated nerve bundle at the left-upper corner of this micrograph.
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With regard to the functional meaning of the synaptic-like vesicles, no definite answer has been obtained.
One possibility may be that they are localized in the region where the secretory granules have been extruded, but, they are different from the so-called coated vesicles which bring back membrane material from the secretory granules after their exocytotic release (KOBAYASHI and COUPLAND, 1977) . Another possibility may be that they contain transmitters.
However, no synaptic complex which is specialized in transmiting impulses from the SGC cells to nerve endings has been found (KOBAYASHI and COUPLAND, 1977) . We also do not yet know with certainty the chemical nature of the synaptic-like vesicles.
Paraneurons with synaptic-like vesicles. The occurrence of cytoplasmic vesicles has also been reported in paraneurons other than the adrenal chromain cells, such as liquor-contacting neurons in the hypothalamus (NAKAI et al., 1977) , pinealocyte (UECK, 1977) , neuro-secretory terminal of the pituitary gland (DOUGLAS, NAGASAWA and SCHULZ, 1971) , carotid body chief cell (KOBAYASHI and UEHARA, 1971; KOBAYASHI, 1976b) , interneurons in the autonomic ganglia (WILLIAMS and PALAY, 1969; MATHEWS and RAISMAN, 1969) , and gustatory cells of the taste bud (TAKEDA and HOSHINO, 1975; TAKEDA, 1976) .
The existence of two populations of cytoplasmic vesicles has generally been thought to be specific to the nerve cells and to be impossible in the endocrine cells. However, it is now clear that the above-mentioned paraneurons also do similarly On the functions of the SGC cell. In the rat superior cervical ganglion, WILLIAMS (1967) and MATHEWS and RAISMAN (1969) discussed the possibity that the SGC cells or SIF (small intensely fluorescent) cells play the role of interneuron; whereas NORBERG and SJoQVIST (1966) , considering their small number and scattered distribution, suggested that the SGC cells are of no physiological importance.
Although in many respects the SGC cells of the adrenal gland resemble those of the autonomic ganglion it does not necessarily follow that both kinds of cells play identical functions. The SGC cells of the adrenal medulla look very similar to the carotid body chief cells (KOBAYASHI and UEHARA, 1970) . Nevertheless, whether or not they have chemoreceptive functions remains unknown, mainly due to the fact that no physiological study has been carried out in the adrenal medulla with regard to these functions. LASSMANN (1974) and GORGAS and BocK (1976) proposed the hypothesis that their "third cell type" or NA 4 cells (identical to SGC cells) in the adrenal medulla are dopamine-secreting in function. The basis of this hypothesis was their observation that the cells in question share many cytological features with dopamine-storing SIF cells in the sympathetic ganglia (BJORKLUND et al., 1970) . However, dopamine secretion from adrenal SGC cells is not a conclusive criterion, because the dopamine content in the mammalian adrenal medulla is only a trace (HOLZBAUER and SHARMAN, 1972) , whereas SGC cells in the mouse occupy about 4 percent of the adrenal chromaffin cells (KOBAYASHI and COUPLAND, 1977) . UNSICKER (1976b) regarded the SGC cells of the adrenal medulla as a transitional stage between nerve cells and chromaffin cells. The existence of abundant SGC cells in the fetal adrenal medulla (HERVONEN, 1971) seems to strengthen the view that the SGC cells represent a stage of developing chromaffin cells and have no significant function of their own. However, whether or not the SGC cells in the fetal adrenal gland and those in the adult are identical in function remains unknown. The constant occurrence of the SGC cells in adult would indicate that they play an independent function in the physiology of the adrenal medulla.
It might be worthy of mention here that we (KOBAYASHI and SERIZAWA, unpublished) have noticed that a considerable number of SGC cells exist in the adrenal medulla of the hypophysectomized adult mouse. These cells contain many clear and cored synaptic-like vesicles in addition to the dense-cored secretory granules. It seems probable that hypophysectomy influences the occurrence and function of the SGC cells in the adrenal medulla (Fig. 8, 9 ).
2.
Formation and maturation of the secretory granules in the chromaffin cell
It has been established that the chromaffin cells of the adrenal medulla synthesize, store and secrete specific, glutamate-rich, acidic peptides (i.e., chromogranins) in addition to catecholamines (BLASCHKO et al., 1967) . HoPwooD (1967) who studied the mechanism of differential staining of the A and NA cells with basic dyes such as toluidine blue, proposed the hypothesis that these two classes of chromaffin cells contain the same chromogranins in their secretory granules, but in the NA cells carboxyl groups of chromogranins were masked by the aldehyde-noradrenaline complex. On the other hand, COSTA (1968) was of the opinion that the A cells may contain more glutamate-rich proteins than the NA cells or that the chromogranins may be confined to A cell granules.
The opinion of HoPwooD (1967) and COSTA (1968) agree in that the two classes of chromaffin cells elaborate the same kind of chromogranins such that A and NA cells are of a single population in regard to chromogranins.
On the other hand KOBAYASHI and WATANABE (1971) assumed that A and NA cells store different kinds of chromogranins respectively.
Although there is no direct proof as yet, it seems more natural to consider that chromogranins pick up their respective catecholamine with which they form a storage complex.
The difference in the kind of catecholamines contained may inevitably reflect the difference in kind of chromogranins stored.
The morphology of the secretory granules of the chromaffin cells as that of other paraneurons always shows a certain range of variation within a single cell (COUPLAND, 1971 (COUPLAND, , 1972 GRYNSZPAN-WINOGRAD, 1975) . This polymorphism of the secretory granules represents the difference in the chemical composition and/or physical state of their limiting membrane and contents, since what we can see in the electron micrographs are, in any case, only "shadows" of the chemical and physical reaction between the structure and the fixative. In the actual electron micrographs, the secretory granules of the chromaff n cells vary in the continuity of the limiting membrane and in the size, shape and density of the contents. Especially, those in the Golgi area of the NA cells are usually smaller and of lesser density than noradrenaline-storing granules in the periphery of the cell (WOOD and BARRNETT, 1964; COUPLAND, PYPER and HOPWOOD, 1964; COUPLAND, 1965b COUPLAND, , 1971 COUPLAND, , 1972 GRYNSZPAN-WINOGRAD, 1975) . DE ROBERTIS and SABATINI (1960) indicated the possibility that the formation of the secretory granules takes place in the Golgi area. This view was supported by the observations in developing chromaffin cells that the membrane-bound granules first appear in the Golgi area (ARNOLD and HAGER, 1967; ELFVIN, 1967; FUJITA, TANIZAWA and HIURA, 1976) .
In their autoradiographic study in the mouse adrenal medulla, COUPLAND and KoBAYASHI (1976) showed that following intravenous injection of 3H-leucine, a high concentration of radioactivity indicating the presence of newly-synthesized peptides is concentrated in the Golgi area of the chromaffin cell during the first 15 min to 1 hr (Fig. 4) . This is consistent with the accepted theory of the intracellular pathway of secretory peptides in the pancreatic acinar cells and other cells, namely that the peptides are synthesized via the Golgi complex (see PALADE, 1974) . The result of the autoradiographic study using 3H-leucine also strengthens the conclusion of biochemists that the adrenal chromaffin cells are essentially peptide-secreting (WINKLER et al., 1972; SMITH and WINKLER, 1972) .
COUPLAND and his co-workers showed that following the administration of 3H-dopa no accumulation of radioactivity takes place in the Golgi region of the chromaffin cell (COUPLAND and KOBAYASHI, 1976; COUPLAND, KOBAYASHI and CROWE, 1976; COUPLAND, KOBAYASHI and KENT, 1976) (Fig. 5) . Similar results have been obtained following the injection of 3H-dopamine (HIRANO et al., 1977) and 3H-noradrenaline (KOBAYASHI and OZAKI, in prep.). The radioactivity due to labeled dopa, dopamine and noradrenaline was highest in cytoplasm rich in secretory granules (COUPLAND and KOBAYASHI, 1976; COUPLAND, KOBAYASHI and KENT, 1976; HIRANO et al., 1977; KOBAYASHI and OZAKI, in prep.) . This is in keeping with previous biochemical works on the intracellular localization of the enzyme system for catecholamine synthesis, namely the enzymes, which catalyse various steps of the catecholamine synthesis, are not restricted to the Golgi region (see STJARNE, 1972; SMITH and WINKLER, 1972) .
Thus, the results of the series of autoradiographic studies of COUPLAND. KOBA-YASHI and their associates in the mouse adrenal chromaffin cells using amino acids, amines, and amine precursors are in keeping with the theory that the secretory granules formed in the Golgi area at first contain mainly peptides and then incorporate catecholamines.
Peptides in each secretory granule remain constant in amount after packaging in the Golgi area until release from the cell surface by the process of exocytosis. On the other hand, the amount of catecholamines may vary from granule to granule depending on the degree of maturation of the granule (KOBAYASHI, 1976b) .
In all classes of paraneurons the size and appearance of the secretory granules show considerable variability.
It has been proposed that the osmiophile content of the secretory granules in all the paraneurons represent concentrations of amines, peptides, adenine nucleotides, Ca++, and other minor components (FUJITA and KOBA-YASHI, 1973; FUJITA, 1976 FUJITA, , 1977 KOBAYASHI, 1976b) . The basic pathway of the formation and maturation of the secretory granules observed in the adrenal chromaffin cells can be applied to all kinds of paraneurons (KOBAYASHI, 1976 a, b) . Thus, the former view which gave adrenal chromaffin cells a special position among endocrine cells as an amine-producing cell is certainly inadequate.
We must regard the adrenal Adrenaline in the adrenal medulla is synthesized from tyrosine in the order: tyrosine-dopa-dopamine-noradrenaline-adrenaline (BLASCHKO, 1972) . ELFVIN (1967) suggested that A cells develop in the fetus from already existing NA cells which originate from undifferentiated neural cells. He considered that those NA cells which acquired the N-methylating system are then converted into A cells, whereas those without this system remain noradrenaline-storing cells. A significant decrease of A cells and the resulting predominance of NA cells have been reported in the hypophysectomized rat (Fu.nwARA and TANAKA, 1975) , in the cultured rat adrenal medulla (UNSICKER and CHAMLEY, 1976) , and in the rat adrenal medulla explanted in the anterior eye chamber of that animal (PiEzzi and CAViccHIA, 1973) . On the other hand, adrenaline synthesis in the normally noradrenaline-storing cells has been reported under various experimental conditions using adrenocortical Fig. 5.
An electron microscopic autoradiogram of mouse adrenal medulla 30 min after an intraperitoneal injection of 3H-dopa (20,eeCi/gbw). Radioactivity representing newly-synthesized catecholamines from 3H-dopa is dispersed in the cytoplasm rich in the secretory granules. 10 week exposure. x 10,000 steroids such as the administration of a high concentration (10 ig/ml) of cortisone in organ-cultured newborn rabbit extra-adrenal chromaffin cells (COUPLAND and Mc-DOUGALL, 1966 ) and the injection of cortisone or hydrocortisone in young rat extraadrenal chromaffin cells in vivo (LEMPINEN, 1964; ERANKO, LEMPINEN and RAISANEN, 1966) . COUPLAND (1972) , considering the peculiar arrangement of blood vasculature in the adrenal gland, proposed a hypothesis that the appearance of A cells in the mammalian adrenal medulla is influenced by the locally high concentration of adrenalcortical steroids.
Chromaffin cells nourished by the medullary artery remain NA cells, whereas those cells nourished via cortical capillaries transform into A cells. This is in keeping with the theory that the differentiation of chromaffin cells is circumstantial and reversible.
However, this hypothesis was not favored by the results of recent studies of COUPLAND and SELBY (1976) on the microvasculature of the adrenal gland in several mammalian species. They showed that no such particularization occurred in the relationship between the vasculature and chromaffin cells present.
With regard to the problem of the interconvertibility of different classes of adrenal chromaffin cells another approach might be possible. Namely, in many endocrine organs consisting of plural populations of paraneurons including adenohypophysis and pancreatic islets, the so-called "one cell one hormone" theory is evident (see FUJITA and KOBAYASHI, 1973) . Although until about ten years ago most resarchears were of the opinion that the different kinds of basal-granulated cells of the gut belong to a single population and represent different functional phases, it is now fairly well-established that the different classes of basal-granulated cells of the gut correspond to different gastro-intestinal hormones (FUJITA and KOBAYASHI, 1973) . Further support for the "one cell one hormone" theory of paraneurons has been provided by the immunohistochmical study in the bovine hypothalamus by VANDESANDE, DIERICKX and DE MEY (1975) . They showed that the oxytocin-producing neurons correspond with the neurophysin I-producing neurons; whereas, vasopressin-producing neurons are identical with neurophysin II-producing neurons.
Thus, if we make an analogy between chromaffin cells and other paraneurons, it seems quite reasonable to assume that, the once differentiated adrenal chromaffin cells cannot transform into A cells from NA cells and vice versa. However, at present, it is impossible to speculate further in respect to the interchangeability between A cells and NA cells.
Functional variations of chromaffin cells within a single class. Although many studies have been published on the difference between A and NA cells in the adrenal medulla, few have dealt with the morphological and functional variations within a single class. Similar situations also hold true in paraneurons other than the adrenal chromaffin cells.
In his electron microscopic study of the avian adrenal gland, UNSICKER (1973) reported that the chromaffin cells situated beneath the capsule are significantly smaller than those in the more central region and that the former possess dendritic processes, whereas the latter are of polygonal shape. Furthermore, GORGAS and BOOK (1976) recently discerned four types of NA cells in the mouse adrenal medulla using light and electron microscopic techniques.
Although the morphological differences in the secretory granules are more or less inevitably artificial, the findings of these authors are so distinctive that they may indicate different functional states.
Variations of chromaffin cells within a single class are also reported by FUXE, GOLDSTEIN, HoKFELT and JOE in their immunohistochemical studies, using specific antibodies to phenylethanolamine-N-methyltransferase (PNMT), dopa-decarboxylase and dopamine-(9-hydroxylase (FuxE et al., 1971; GOLDSTEIN et al., 1971) . They found that the immunohistochemical activity to PNMT was restricted to the A cells. This is consistent with the theory that the difference between A and NA cells is denoted by the presence or absence of PNMT. Then these authors demonstrated that the immunoreactivity to dopa-decarboxylase was distributed evenly in all the chromaffin cells. Also, that the immunohistochemically detectable dopamine-Q-hydroxylase activity was different from cell to cell was shown (FUXE et al., 1971; GOLDSTEIN et al., 1971) . Some cells, either A or NA cells, exhibited a strong reaction to this enzyme, whereas others contained weak to moderate immunoreactivity.
The uneven distribution of dopamine-9-hydroxylase immunoreactivity in a single class of chromaffin cell may represent different dopamine-handling capacities. In their autoradiographic study using 3H-dopa, COUPLAND, KOBAYASHI and KENT (1976) noticed, that chromaffin cells (both A and NA cells) adjacent to the sinusoidal wall tend to incorporate more radioactivity than those in the central portion of the cell group. Later, they (HIRANO et al., 1977) found conspicuous regional differentiation of 3H-dopamine derived radioactivity (Fig. 6) . Chromaffin cells immediately beneath the cortico-medullary junction incorporated more radioactivity than those in the center of the adrenal medulla. Thus, a zonal distribution of specific silver grains due to 3H-dopamine was demonstrated (HIRANO et al., 1977) . Recently a series of autoradio- graphic studies were carried out using 3H-noradrenaline (KOBAYASHI and OZAKI, in prep.) (Fig. 7) . The cells in the zone just beneath the corticomedullary junction exhibited stronger 3H-noradrenaline-derived radioactivity than those in the center of the medulla.
In the islets of NA cells the unevenness of the distribution of radioactivity was remarkable; a fraction of the NA cells incorporated enormous amounts of 3H-noradrenaline-derived radioactivity, whereas, others, practically none. Studies on the correlation between noradrenaline-incorporation and subtypes of NA cells (GORGAS and BScK, 1976) are under progress in our laboratory.
Thus, the morphological study of UNSICKER (1973) and GORGAS and BoCK (1976) , the immunohistochemical study of FuxE, GOLDSTEIN and their co-workers (FuxE et al., 1971; GOLDSTEIN et al., 1971) and the autoradiographic studies Of COUPLAND, KOBAYASHI and their co-workers (COUPLAND, KOBAYASHI and KENT, 1976; HIRANO et al., 1977) strongly suggest that some functional variations exist within each class of adrenal chromaffin cells. Further studies are needed to elucidate whether these variations are due to intrinsic factors such as the stage of maturation and/or secretory phase, or external factors, such as vascular or hormonal effects and/or nervous stimulation on the chromaffin cell.
Finally, we have recently examined by the use of autoradiographic techniques the uptake of 3H-dopamine in the adrenal medulla of hypophysectomized mice (HIRANO and KOBAYASHI, in prep.) . Our results suggest that hypophysectomy supresses 3H-dopamine uptake in all the chromaffin cells. We have not yet succeeded in demonstrating the effect of hypophysectomy on the variations in the 3H-dopamine handling Mouse adrenal gland 30 min after an intraperitoneal injection of 3I-1-noradrenaline (10pCi/gbw).
Chromaffin cells just beneath the cortico-medullary junction tend to incorporate more 3H-noradrenaline-derived radioactivity than those in the central portion of the medulla. 14 day exposure.
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